A local hidden-variable model is exhibited for the experiments by Aspect, Grangier, and Roger [Phys. Rev. Lett. 47, 460 (1981); 49, 91 (1982) 
I. INTRODUCTION
Several Bell inequalities [1] have been put to the test in the past few years and have been violated by experiments.
(For reviews see Refs. [2 -4] As the main class of experiments where violations of Bell inequalities have been reported consists of measuring polarization correlation of optical-photon pairs emitted in atomic transitions, I have analyzed -following a previous paper [5] -typical experiments in this class, such as those performed by Aspect and co-workers [6 -8] . In Ref. [5] , I exhibited a LHV model predicting almost the same as quantum mechanics for these experiments even in ideal situations, that is, using perfect polarization analyzers and 100% efficient detectors. Here I propose an improvement of the model that now agrees exactly with quantum-mechanical predictions for all experiments measuring polarization correlation of optical-photon pairs.
The model of Sec. III emphasizes the need of using measuring devices sufficiently close to ideal. In that section we show that no experiment measuring only coincidence rates may disprove LHV theories. Both the need of directional correlation and the need of efficient measuring devices are rather well-known facts since the early studies of the problem, especially after the paper by Clauser and Horne [9] . However [9] . The use of the auxiliary assumptions has become a polemic matter, where personal opinions play a prominent role. Indeed, these assumptions have ranged from very plausible, almost compelling, to absolutely unjustified. In Sec. IV, I shall try to clarify the subject.
As stated above, the need of directional correlation between the particles involved in the experiments, in addition to polarization correlation, has not been sufficiently emphasized. This problem is revisited in Sec. V of the article.
The loophole for the refutation of LHV theories due to the use of nonideal devices, especially the low efficiency of optical-photon detectors, is widely recognized, but it has been generally considered a minor practical problem.
In Sec. VI, I argue that this is not so by exhibiting a natural hidden-variable model of detection that predicts weaker correlations with high-efficiency detectors than with low efficiency ones. The model agrees with QM in the low-efficiency (linear) region but departs from it at high efficiencies and genuine (i.e. , not involving supplementary assumptions) Bell inequalities are never violated.
Finally, in the last section, I discuss the consequences of this work. In particular, I conjecture that perhaps quantum mechanics is, after all, compatible with LHV theories, as defined by Bell. In order to avoid misunderstandings, I should emphasize that the purpose of this article is not the ambi- [7] quoted this inequality but the one they actually tested was the homogeneous inequality f p(A, )dl, =l, p(A, )~0, P(A, , a )~0, P(A, , bq)~0, In the following we show explicitly the violation of the four more popular auxiliary assumptions.
(i) If a pair of photons emerges from the polarizers, the probability of their joint detection is independent of the polarizer orientations a and b (Clauser et al. [10] [7] ). This assumption is somewhat ambiguous, because the meaning of "faithful" is not sharp. It seems that we should interpret it as making reference to the polarization correlation of all emitted photon pairs, but then it is obviously wrong. In fact, the photon pairs that are actually collected by the apertures move in opposite (or almost opposite) directions and they are predicted by quantum mechanics to have a strong polarization correlation [ (8}A mechanistic picture of the photon, which takes it to be a (billiard-ball-like) particle that, starting in the source, either passes undivided through, or is stopped at, the apertures, lenses, filters, and polarizers. When this assumption is applied to the experiments under discussion, it allo~s defining the "ensemble of those photon pairs such that each member of the pair enters the corresponding aperture. " We shall call this the hypothesis of the passed subensemble.
The combination of (A) and (8) implies (i) to (iv), as we prove in the following. Assumption (i) follows from the fact that, given the experimental set-up, all photon pairs that have both passed the polarizers [hypothesis (8) implies that this "passage" has a meaning], will arrive at the detectors. With 100% detector efficiency, the joint detection probability of these photons would be, therefore, P=1. With detectors of efficiency g, the corresponding probability would be P =g, i.e. , a constant independent of polarizer orientations. Similarly for assumption (ii). With ideal detectors, the detection probability of a photon entering the apertures will be 1 if the polarizer has been removed. With the polarizer in place the probability cannot be greater than 1 and this means no enhancement. Assumption (iii) clearly derives from (A) if the detectors are 100% efficient, whence it follows also for r)%1 according to (8) . The faithful sampling assumption (iv) seems to be just equivalent to (A) as stated by Aspect, Grangier, and Roger [7] , but we have seen that actually it involves also the idea of passed subensemble contained in (8 [18] . Consequently, the auxiliary assumptions (i) to (iv) [21] , where only the spin part of some three-or four-particle system is considered, without any analysis of the directional correlation of these particles.
In order to test quantum mechanics against LHV theories it is necessary to find an experiment such that the quantum-mechanical predictions violate inequality (5.1). A requirement is that two particles must be produced with a strong directional correlation, besides good correlation of spin (or other appropriate quantity). In order to have a good angular correlation we might use two-body processes and several experiments of this kind have been discussed in the literature [2 -4] , such as proton-proton scattering, positronium annihilation, dissociation of a diatomic molecule [22] general. In the first place, if the decay rate in the source is too high, then different events -each consisting of an atomic decay followed by a measurement -cannot be discriminated. The problem of the so-called "accidental coincidences" appears (e.g. , detection of two photons, each coming from a different atom). It is possible to estimate the amount of noise produced by these coincidences and subtract it, but the procedure is subject to criticisms [27] . The correct solution is to use a low enough decay rate, as has been done in several experiments [28] . The second problem appears if the source is too big and/or the density of atoms in the source is too high. In this case some of the photons may suffer rescattering giving rise to a possible bias in the measured correlation [29] .
Difficulties with the measuring devices come either from the selector (polarizer for optical photons, SternCxerlach for spin -, ' atoms, etc.} or from the detector, and it seems that the combination selector-detector is never good enough. In fact, in the case of photons, where transmission through a polarizer corresponds to wave behavior and detection to particle behavior, it is not strange that we have better polarizers as the wavelength increases (e.g. , for optical photons) and better detectors as the wavelength decreases (e.g. , for gamma rays) .In the case of atoms, where the particle behavior is clearly dominant, the efficiency of the Stern-Gerlach is not enough to make a reliable experiment (see the end of Shimony's reply in Ref. [22] Sec. IV, then one is lead to assume that, although the probability of crossing the polarizer may depend on A, , the detection probability, once the photon has passed, should not. Hence the assumption (i) of Clauser et al. [10] , discussed in Sec. IV, follows. However, as we have argued in that section, any LHV theory able to explain the results of the performed experiments does not allow writing the full probability as a product of "probability of passing" the polarizer times "probability of being detected" conditional to passage. That is, in any LHV theory compatible with performed experiments, we must consider that the detection probability of a signal (photon) arriving at a detector does depend on k. This assumption leads quite naturally to the prediction that the measured correlation will decrease with detector efficiency, as we show in the following. 
